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Objective: The common arterial trunk usually has a balanced origin from both right and left ventricles overriding
a ventricular septal defect. The trunk occasionally originates predominantly, or even exclusively, from either ven-
tricle, making the size of the ventricular septal defect an important factor in surgical repair.
Methods: We examined 56 autopsy specimens and reviewed another series of 12 consecutive patients with the
malformation. Truncal origin was categorized as 1 of the following 5 types: exclusive origin from either the right
or left ventricle, predominant origin from either ventricle, or balanced origin. We measured the size of ventricular
septal defect (‘‘width’’ and ‘‘depth’’) in specimens for any correlation with truncal origin.
Results: Balanced origin was seen in approximately one half of cases in both autopsy and clinical series. Predom-
inantly or exclusively right ventricular origin was more prevalent than left ventricular origin in autopsy series
(40% vs 9%, respectively), but such predilection was not observed in clinical series (both 25%). The more
the truncal valve was committed to the right ventricle, the smaller was the ‘‘width’’ of the ventricular septal defect
(predominant and exclusive vs balanced origin; both P<.0001), with similar tendency in the ‘‘depth.’’ In 1 heart
with extreme right ventricular origin, the defect was slit-like.
Conclusion: Origin of the truncal valve demonstrated a morphologic spectrum and correlated with the size of
ventricular septal defect that was the main or even sole exit from the left ventricle in hearts with right ventricular
origin. Truncal origin, therefore, requires recognition to optimize surgery. (J Thorac Cardiovasc Surg 2009;
138:1283-9)
Adachi et al Congenital Heart DiseaseCommon arterial trunk (persistent truncus arteriosus) is
characterized by a single arterial vessel arising from the
base of the heart, through a common truncal valve, which
directly gives rise to the systemic, pulmonary, and coro-
nary arteries.1 Another key feature of this malformation
is the presence of a ventricular septal defect (VSD), which
is typically large, located between the limbs of the septo-
marginal trabeculation, and situated underneath the truncal
valve. The common trunk usually overrides the VSD, with
approximately equal commitment to both the right ventri-
cle (RV) and the left ventricle (LV). In some cases,
From the Cardiac Morphology Unit,a National Heart and Lung Institute, Imperial Col-
lege London, London, United Kingdom; Department of Pediatric Cardiology,b Car-
diothoracic Surgery,c and Clinical Governance,d Royal Brompton and Harefield
NHS Trust, London, United Kingdom.
This study is supported by the Francis Fontan prize of the European Association of
Cardiothoracic Surgery awarded to Iki Adachi and a grant from The Uehara Memo-
rial Foundation. The Cardiac Morphology Unit receives funding from the Royal
Brompton and Harefield Hospital Charitable Fund.
Disclosures: None.
Received for publication Jan 20, 2009; revisions received March 31, 2009; accepted
for publication May 15, 2009.
Address for reprints: Siew Yen Ho, PhD, FRCPath, FESC, Cardiac Morphology Unit,
National Heart and Lung Institute, Imperial College London, Guy Scadding Build-
ing, Dovehouse Street, London SW3 6LY, United Kingdom (E-mail: yen.ho@
imperial.ac.uk).
0022-5223/$36.00
Copyright  2009 by The American Association for Thoracic Surgery
doi:10.1016/j.jtcvs.2009.05.009The Journal of Thoracic and Cthe common trunk originates predominantly, or even
exclusively, from one ventricle or the other.2-5 Although
predominantly LV origin favors anatomic repair for
connecting the trunk to the LV, origin of the common trunk
primarily from the RV could compromise surgery by
making the LV outflow tract more tortuous and elongated.
The latter morphology is of further practical importance
during surgical repair because such truncal origin occasion-
ally accompanies a restrictive VSD, the main outlet from
LV.2-5 Although some authors concluded this unbalanced
truncal origin is a risk factor for early mortality6 and late
morbidity7 after surgical repair, truncal origin has gained
little attention in the clinical setting. In fact, truncal origin
was not specified and taken into account as a potential risk
factor for surgery in any of the major clinical studies
conducted on this malformation.8-17 The paucity of clinical
attention on this issue is in marked contrast with observa-
tions made in previous pathologic investigations2-5 showing
that RV origin of the common trunk occurs fairly frequently.
This obvious difference might reflect an inherent selection
bias in autopsy studies, because such truncal origin could
be associated with poorer outcome. Alternatively, it might
be an omission in clinical series. With these considerations
in mind, we sought to review variations of truncal origin
in both autopsy and clinical series, focusing on its possible
association with the size of VSD.ardiovascular Surgery c Volume 138, Number 6 1283




LV ¼ left ventricle
RV ¼ right ventricle
VSD ¼ ventricular septal defect
MATERIALS AND METHODS
This study was approved by the ethics committee of the Royal Brompton
Hospital.
Autopsy Series
From the cardiac specimen archive of the Royal Brompton Hospital, we
identified 62 postnatal hearts with common arterial trunk. For the purpose of
this study, we excluded 2 hearts in which truncal origin could not be deter-
mined because of previous dissection in 1 and previous surgery (truncal
valve replacement) in 1. In addition, 4 hearts associated with atrioventricular
septal defect were not included in our morphometric analyses because their
intracardiac anatomy could not be compared with hearts with a usual atrio-
ventricular junction. Nevertheless, the key feature of these hearts is dis-
cussed separately in this article, and more detail will be published
elsewhere.18 The remaining 56 hearts were examined. All the hearts exam-
ined had the cardinal feature of a common arterial trunk, namely, an arterial
trunk arising from the base of the heart that gave rise to systemic arteries,
coronary arteries, and at least 1 pulmonary artery. Accordingly, hearts
with the so-called type IV anatomy of the Collet-Edwards classification19
were not included in this study. All hearts had the usual atrial arrangement
(situs solitus) and concordant atrioventricular connections through separate
atrioventricular junctions. Of the 56 hearts examined, 17 had evidence of
previous surgical intervention; 16 hearts had undergone the Rastelli type
repair, and 1 heart had previous banding of the pulmonary trunk. The age
at the time of death in these hearts ranged from 3 days to 15 years, with
most (88%) of them aged 3 months or less.
Truncal Origin Relative to Ventricular Septum
Truncal origin was categorized into 1 of 5 patterns: exclusively con-
nected to either the RV or LV, predominantly connected to either the RV
or LV, or balanced origin (Figure 1). Truncal origin was assessed mainly
through viewing the truncal valve from the arterial aspect, supplemented
by assessment from right and left ventriculotomies. When the middle of
the truncal valve was located just above the crest of VSD, the truncal origin
was considered balanced. If the middle of the valve digressed from the crest
of VSD rightward or leftward but the valve was still committed to both ven-
tricles, the trunk was regarded as arising ‘‘predominantly’’ from the RV or
LV, respectively. When the truncal valve was more displaced so that it was
barely or no longer committed to 1 ventricle, it was designated as having
‘‘exclusive’’ origin from the other ventricle. Each heart was examined atleast twice on separate occasions by 2 researchers individually to confirm
little intra- and interobserver variability.
Size of Ventricular Septal Defect
The ‘‘width’’ of the VSD was defined as the length of a straight line join-
ing the 2 points where the anterior and posterior limbs of the septomarginal
trabeculation (or the ventricular infundibular fold) met the truncal valvar
annulus (Figures 1 and 2). The ‘‘depth’’ was defined as the distance of
the deepest portion of VSD from the straight line used to measure the
‘‘width’’ (Figure 1). We also measured the truncal valvar diameter along
a line parallel to the ventricular septum. The valvar diameter was used to
standardize the measurements on VSD. Because the size of the hearts varied
within the series, standardization allowed us to make direct comparisons of
the VSD size. Each measurement was made twice to minimize potential
sources of error from manual maneuvers, and the mean values of the 2 mea-
surements were used as final discrete values.
Clinical Series
We identified all patients with a common arterial trunk whose echocar-
diographic images were stored in the digital archive system of the Royal
Brompton Hospital. There were 12 consecutive patients who had undergone
primary 1-stage repair at the Royal Brompton Hospital in the previous
3 years. Age at operation in these patients ranged from 2 days to 6 months
with a median of 32 days. Surgical procedures performed involved connec-
tion of the LV to the common trunk with a surgical patch through a right
ventriculotomy and RV outflow tract reconstruction using either an external
conduit (homograft or xenograft) or a direct anastomosis technique, depend-
ing on the availability of conduits and surgeon’s preference. No patient had
a VSD enlargement or required surgical and catheter-based interventions
postoperatively.
We retrospectively reviewed preoperative echocardiographic images of
all 12 patients. Echocardiographic studies were performed on an HP 5500
or HP7500 (Hewlett-Packard, Palo Alto, CA) with probes of appropriate
frequency (5.0–12MHz). All echocardiographic assessment was carried
out using an image viewer (TCS Symphony, ver 2.02. Medcon Inc, Middle-
sex, UK) by 2 researchers: the primary investigator (IA) and a pediatric car-
diologist (AS) who had been blinded to the result of morphometric analyses
in the autopsy series. Although all available images were reviewed in every
patient, the parasternal long axis cut at end diastole was used for determina-
tion of truncal origin. Truncal origin was described using the same 5 cate-
gories as in the autopsy series.
Statistical Analysis
Because of the small number of cases with predominantly or exclusively
LV origin, intergroup comparisons were performed among the remaining 3
groups, namely, predominantly or exclusively RV origin and balanced ori-
gin. The Kruskal–Wallis test with Bonferroni correction was used to deter-
mine any difference among the 3 groups. The Mann–Whitney test was usedFIGURE 1. Truncal origin was categorized as having 1 of the following 5 types: exclusive origin from either ventricle, predominant origin from either ven-
tricle, or centrally located. The prevalence of each group in both the autopsy and clinical series is shown. B, The measurements made on the VSD to determine
the ‘‘width’’ and ‘‘depth.’’ LV, Left ventricle; RV, right ventricle; VSD, ventricular septal defect.
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DFIGURE 2. Photographs illustrating VSD and its relation to the truncal valve in 4 hearts with the common trunk arising from ‘‘center’’ (A), ‘‘exclusively
from LV’’ (B), and ‘‘exclusively from RV’’ (C, D). All photographs except for that in (B) were taken from right ventricular side. The heart with balanced
origin (A) has a VSD that is wide in shape compared with others. In the heart (B), the trunk is committed exclusively to the LV. In the heart (C), the truncal–
mitral fibrous continuity is still maintained, albeit to a lesser extent than usual. By contrast, the heart (D) has a persistent ventriculo-infundibular fold inter-
posing between the truncal, mitral, and tricuspid valves, creating valvar discontinuity. Consequently, the VSD is no longer ‘‘subtruncal.’’ IVS, Interventricular
septum; LV, left ventricle; RV, right ventricle; VSD, ventricular septal defect; Tr, truncal root; SMT, septomarginal trabeculation; VIF, ventriculo-infundibular
fold.when comparing 2 groups. The data were analyzed with SPSS 15.0.1 for
Windows (SPSS Inc, Chicago, IL).
RESULTS
Autopsy Series
Types of specimens. The origins of the left and right pul-
monary arteries were assessed and categorized as from
a common orifice (type I according to the Collet-Edwards
classification;19 n ¼ 36), separate and adjacent orifices
(type II; n ¼ 13), separate and remote orifices (type III;
n ¼ 5), or a single orifice leading to only 1 pulmonary artery
(n ¼ 2). The mode of pulmonary origins seemed to have no
apparent relationship with the truncal origin or size of the
VSD, both of which are described below.
The truncal valve had 2 leaflets in 6 hearts, 3 leaflets in
31 hearts, 4 leaflets in 17 hearts, and 5 leaflets in 1 heart,
and could not be assessed in 1 heart. Again, the number of
leaflets did not have any obvious association with the truncal
origin or VSD size.
Truncal origin. The proportions of each type of truncal
origin in the autopsy series are shown in Figure 1. Approx-
imately one half (52%) had a balanced origin (Figure 2). The
remaining half had the common trunk committed predomi-
nantly or exclusively to 1 ventricle, with RV origin in totalThe Journal of Thoracic and Cabeing 4-fold more prevalent than LV origin (40% vs 9%,
respectively). Similarly, exclusive RV origin was 2-fold
more prevalent than exclusive LV origin (13% vs 5%,
respectively) (Figure 2).
Size of ventricular septal defect. Measurements of the
VSD size were carried out in 52 of the 56 hearts (93%)
examined. In the remaining 4 hearts, it was not possible to
assess the VSD size because of either a tightly adherent
and endothelialized patch placed at surgical repair or previ-
ous dissection and preparation.
Standardized values of the VSD size were plotted accord-
ing to truncal origin (Figure 3). The width of the VSD
showed a clear trend; the more the common trunk deviated
from the center either toward right or left, the smaller
became the width. The depth showed a similar tendency,
but the differences among groups were less obvious than
the width, and considerable overlaps were observed among
the groups. As a result, the depth/width ratio yielded a recip-
rocal pattern of those of the width and depth; the more the
trunk deviated, the larger became the ratio, suggesting a nar-
rower shape of the defect in hearts with more deviation of the
common trunk.
Intergroup comparisons among the 3 groups (predomi-
nantly or exclusively RV origin and balanced origin)rdiovascular Surgery c Volume 138, Number 6 1285
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DFIGURE 3. Graphs showing the results of measurements on a VSD size according to truncal origin. The ‘‘width’’ and ‘‘depth’’ of the defect are standardized
with the truncal valvar diameter of the corresponding heart. The red circle represents a heart with the mitral–truncal fibrous discontinuity. LV, Left ventricle;
RV, right ventricle;%width, width/truncal valvar diameter;%depth, depth/truncal valvar diameter.showed a significant difference in the width (P<.0001) and
a marginal difference in the depth/width ratio (P ¼ .043).
The difference in the depth did not reach statistical signifi-
cance (P ¼ .113). When each of the RV origins was com-
pared with balanced origin, the width was significantly
smaller in both predominantly (P< .0001) and exclusively
(P< .0001) RV origin than in balanced origin. Similarly,
the depth/width ratio was significantly larger (P ¼ .028) in
exclusively RV origin than in balanced origin. However,
this ratio did not differ significantly between predominantly
RV origin and balanced origin (P ¼ .946).
Fibrous continuity of truncal valve with atrioventricular
valves. The morphology of the VSD could be determined in
53 of the 56 hearts (95%) examined. In 43 hearts, fusion be-
tween the ventriculo-infundibular fold and the posterior limb
of the septomarginal trabeculation produced a muscular
postero-inferior margin to the VSD (Figure 2, A). The
VSD was perimembranous, and there was a fibrous continu-
ity among the truncal, tricuspid, and mitral valves in all the
remaining 10 hearts but 1. Except for this exceptional case,
there was always the truncal–mitral fibrous continuity even
in hearts with exclusively RV origin, albeit to a lesser extent
than usual (Figure 2, C). In this atypical heart, there was
a persistent ventriculo-infundibular fold that inserted to the
anterior limb of the septomarginal trabeculation, thereby
separating the truncal valve from mitral and tricuspid valves,
but was attenuated posteriorly, allowing fibrous continuity
between the mitral and tricuspid valves (Figure 2, D). Ac-
cordingly, its slit-like VSD was considered not only peri-
membranous but also ‘‘noncommitted’’ to the truncal
valve. This peculiar heart appeared to be at the extreme
end of the spectrum.
Clinical series. The proportions of each type of truncal
origin in the clinical series are shown in Figure 1. The prev-
alence of balanced origin was almost identical to that in the
autopsy series. Unlike the autopsy series, the prevalence of
RV origin in total was the same as that of LV origin (both1286 The Journal of Thoracic and Cardiovascular S25%). However, exclusive commitment to 1 ventricle was
found only in the RV (1 case). Truncal–mitral fibrous conti-
nuity was observed in all 12 patients (Figure 4).
DISCUSSION
In the past, several anatomic features have been consid-
ered as risk factors for mortality and morbidity after surgical
repair for common arterial trunk. Examples of these condi-
tions include the presence of interrupted aortic arch,11,12,17
nature of the truncal valve,8,9,11,12,16 and abnormalities of
coronary arteries.12,16,20 In addition to these anatomic fac-
tors, the pattern of pulmonary arterial origin has always
gained the greatest attention as considered in the classic
Collet and Edwards19 and Van Praagh21 classifications. By
contrast, little attention has been directed toward truncal ori-
gin relative to the ventricular septum. In fact, truncal origin
was not specified or taken into account as a potential risk fac-
tor for surgery in any of the large clinical studies conducted
on this malformation.8-17 If the truncal valve is committed
more to LV, such ventriculoarterial connection would
work in the surgeon’s favor when aiming to achieve ana-
tomic repair. However, when truncal origin is displaced
toward the RV, this particular ventriculoarterial relationship
would be potentially problematic because of the elongated
and tortuous LV outflow subsequent to surgical repair.
This is exacerbated when the VSD is restrictive, because
the defect serves as the LV outlet pathway. Although en-
largement of the VSD may be an option in this setting,
such a maneuver is not risk-free.10,22 Trowitzsch and associ-
ates6 at the Boston Children’s Hospital have concluded that
alignment of 60% or more of the truncal root over the RV
(predominant or exclusive RV origin in our case) is a strong
predictor of postoperative mortality, although their study has
been published as an abstract only. To the best of our knowl-
edge, there are no other clinical articles discussing the
impact of truncal origin on early outcome after repair. The
paucity of articles on this issue has been pointed out inurgery c December 2009
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DFIGURE 4. Parasternal long-axis echocardiographic images obtained at end diastole from 4 patients in the clinical series with different types of truncal
origin. The valvar annulus and its hinge points are marked with the yellow dotted line and the red circle, respectively. The valvar diameter is divided into 5 equal
portions (notched line), and truncal origin is determined by a perpendicular line from the crest of the ventricular septum indicated with the arrow. IVS,
Interventricular septum; LA, left atrium; LV, left ventricle; RV, right ventricle; Tr, truncal root.Kirklin/Barratt-Boyes Cardiac Surgery.23 Furthermore,
truncal origin could also affect long-term result. Delius
and colleagues7 described development of functional sub-
truncal valvar stenosis 11 years after initial repair in a patient
with the trunk mainly originating from RV accompanied
with a relatively small VSD. Even if the VSD size is not he-
modynamically significant at the time of operation, it could
become smaller because of changes in ventricular geometry
after complete repair.24
Our morphometric study in the autopsy series has
revealed that the common arterial trunk has RV origin
more frequently than LV origin (Figure 1). This finding is
concordant with the observations in the previous anatomic
studies.2-5 However, there is disagreement among these
studies regarding the exact prevalence of each type of origin
(Table 1). In particular, the prevalence of balanced origin in
the study by Bharati and colleagues2 is significantly different
from that in other articles. In their study, only a small portion
(16.5%) had balanced origin, whereas the majority (66.5%)
had the truncal origin mostly (predominantly) from the RV.These figures are in marked contrast with the other articles,3-5
all of which considered balanced origin as the most common
type. A possible explanation would be the difference in
the way of assessing the truncal origin. In our study, truncal
origin was assessed mainly through the truncal valve
rather than through a right ventriculotomy. Another vital
issue regarding truncal origin is whether the relatively high
prevalence of RV origin in the autopsy series can be extrap-
olated to the whole spectrum of this malformation encoun-
tered in the clinical setting. To address this question, we
reviewed data on consecutive clinical patients. As a result,
although we found a similar proportion of balanced origin,
the prevalence of RV origin was not higher than that of
LV origin in the clinical series. Furthermore, there seemed
to be no extreme case of exclusive RV origin, and fibrous
continuity between truncal and mitral valves was observed
in all of them. Echocardiographic evaluation could be com-
pared with autopsy assessment in only 1 of our patients. In
this case, the categorization on autopsy study exactly
matched that of echocardiographic assessmentTABLE 1. Prevalence of truncal origins in the previous autopsy series
Author’s name











Bharati and colleagues2 (177) 25 (14%) 117 (66%) 29 (16%) 5 (3%) 1 (1%)
Thiene and colleagues3 (12) 3 (25%) 9 (75%)* 0
Crupi and colleagues4 (66) 2 (3%) 7 (11%) 53 (80%) 4 (6%) 0
Butto and colleagues5 (54) 23 (42%)y 23 (42%) 8 (15%)
LV, Left ventricle; RV, right ventricle. *Described as ‘‘biventricular origin.’’ yDescribed as ‘‘60%–100% origin from RV.’’
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DFIGURE 5. Schematic illustrations of the ventricles and atrioventricular junctions in cross-section show the relationship of the truncal valve to the ventricular
septum. Any imbalance of the ventricular volume might cause change in the ventriculoarterial relationship owing to the digression of the ventricular septum.
Similarly, location of the truncal valve itself could alter this relationship. In hearts with common atrioventricular junction, the anterior location of the truncal
valve results in RV origin of the truncal valve. M, Mitral valve; T, tricuspid valve; L, left atrioventricular valve; R, right atrioventricular valve; LV, left ven-
tricle; RV, right ventricle.(predominantly from the LV). By accepting the small num-
ber of our clinical cases, it would be reasonable to say that
a common trunk arising from the RV, albeit to a greater or
lesser extent, is not an exceedingly rare condition even in
the clinical setting.
We measured the VSD size in the autopsy series and
looked for a possible relation to truncal origin. Conse-
quently, we found an interesting tendency. The more the
truncal valve deviated from its central position of override,
the smaller became the width of the VSD. This trend, in
accordance with geometry, can be explained by illustrations
in Figure 1. This tendency would be of paramount impor-
tance for clinical decision making, because it should obvi-
ously indicate that hearts with exclusively RV origin are
more prone to LV outflow obstruction and thus more likely
to require extensive surgery, including enlargement of the
VSD. VSD enlargement risks injury to the septal coronary
perforators, which are known as additional blood sources
to the atrioventricular junctional area25 and are the dominant
or even absolute blood supplier for the penetrating conduc-
tion bundle or bundle branches.22 Barbero-Marcial and asso-
ciates10 reported 1 case of sudden irreversible cardiac arrest
and death after common arterial truncal repair in which the
restrictive VSD was enlarged. Autopsy revealed necrosis
of the His bundle and its 2 branches, whereas the atrioven-
tricular node and its artery were intact. Even if the VSD is
adequately enlarged without any complications, we antici-
pate that hearts with exclusively RV origin would still not
be free from solicitude for biventricular function. Owing
to a large, bulging patch tunneling within the RV cavity,
the RV volume would be inevitably reduced. The LV func-1288 The Journal of Thoracic and Cardiovascular Stion could also be affected by an elongated and tortuous LV
outflow tract that would pose a potential nidus for obstruc-
tion as seen after the Rastelli-type procedure for other cono-
truncal anomalies.26
A question that came to our mind is what makes the var-
iations in truncal origin. In other words, what kind of ana-
tomic features should alert clinicians regarding the
possibility of such unfavorable truncal origin? Because the
ventriculoarterial connection is a mutual relationship
between the 2 neighboring structures, it could be affected
not only by the truncal valve itself but also by the arrange-
ment of the ventricular mass. Some unusual cases gave us
clues for a better understanding on this matter. If the ventric-
ular septum is displaced toward either side for any reason,
the common trunk would become committed more to the
contralateral ventricle unless there is a concomitant shift of
the common trunk toward the same side as the septum.
Any imbalance between the 2 ventricles could potentially
cause this type of septal displacement (Figure 5). Our
hypothesis might be supported by the reported cases of com-
mon arterial trunk arising exclusively from the RV in the set-
ting of a hypoplastic LV27,28 and their opposite pattern with
the trunk exclusively from the LV in the setting of a hypo-
plastic RV.29,30 Second, the location of the truncal valve
could have more direct influence on the relationship. As
described above, there were 4 specimens with a common
atrioventricular junction in the Brompton archive. In all 4
hearts the trunk was exclusively from the RV and the truncal
valve was located more anteriorly than in hearts with normal
atrioventricular junctions because of the lack of recess that
can accommodate the truncal valve (Figure 5). This anteriorurgery c December 2009
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Dlocation of the truncal valve must make it committed more to
the RV, especially because the RV is a more anterior struc-
ture than its counterpart.
A limitation of the current study is the small number of
cases in our clinical series. By combining our study with
a larger autopsy series, we believe our findings are reason-
ably representative of the whole spectrum of this malforma-
tion. Nevertheless, we hope our study will stimulate further
clinical investigations on this issue.
CONCLUSIONS
The current study demonstrated that origin of the common
trunk represents a morphologic spectrum and correlates with
the size of the VSD. Because the VSD is the only exit from
the LV, it is important to take note of its size especially when
the truncal origin is predominantly or exclusively from the
RV. Assessment of truncal origin preoperatively should be
routine practice. Moreover, when the common trunk is
found to have RV origin, the absence of truncal–mitral
fibrous continuity would warrant further clinical attention,
because it might represent an extreme end of the spectrum.
The authors express appreciation for statistical advice
from Joseph Eliahoo at the Statistical Advisory Service,
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